APPARATUS FOR EFFICIENTLY DRIVING PLASMA DISPLAY PANEL 
PERFORMING ADDRESS-DISPLAY MIXING DRIVING SCHEME 

BACKGROUND OF THE INVENTION 
5 [0001] This application claims the priority of Korean Patent Application No. 2003-26003, 

filed on April 24, 2003, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein in its entirety by reference. 

L Field of the Invention 

10 [0002] The present invention relates to an apparatus for driving a plasma display panel, 

and more particularly, to an apparatus for driving a surface discharge type triode plasma display 
panel in which X-electrode lines and Y-electrode lines are alternately arranged in parallel, 
thereby forming XY-electrode pairs, and display cells are defined in areas where the 
XY-electrode lines intersect address electrode lines. 

15 2. Description of the Related Art 

[0003] FIG. 1 shows the structure of a surface discharge type triode plasma display panel. 
FIG. 2 shows an example of a display cell of the plasma display panel shown in FIG. 1 . 
Referring to FIGs. 1 and 2, address electrode lines Ari, Ar2, Ag™, A Bm > dielectric layers 1 1 
and 15, Y-electrode lines Yi, Y n , X-electrode lines Xj, X n , phosphor layers 16, partition 

20 walls 17, and a magnesium oxide (MgO) layer 12 as a protective layer are provided between 
front and rear glass substrates 10 and 13 of a general surface discharge plasma display panel 1. 

[0004] The address electrode lines Ari through A& m are formed on the front surface of 
the rear glass substrate 13 in a predetermined pattern. A rear dielectric layer 15 is formed on 
the entire surface of the rear glass substrate 13 having the address electrode lines Ari through 
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A Bn v The partition walls 17 are formed on the front surface of the rear dielectric layer 15 to be 
parallel to the address electrode lines Ai through A m . These partition walls 17 define the 
discharge areas of respective display cells and serve to prevent cross talk between display cells. 
The phosphor layers 16 are formed between partition walls 17. 
5 [0005] The X-electrode lines Xi through X n and the Y-electrode lines Yi through Y n are 

formed on the rear surface of the front glass substrate 10 in a predetermined pattern to be 
orthogonal to the address electrode lines Ari through A Bm . The respective intersections define 
display cells. Each of the X-electrode lines X\ through X n is composed of a transparent 
electrode line X na (FIG. 2) formed of a transparent conductive material, e.g., indium tin oxide 

10 (ITO), and a metal electrode line X n b (FIG. 2) for increasing conductivity. Each of the 

Y-electrode lines Y\ through Y n is composed of a transparent electrode line Y na (FIG. 2) formed 
of a transparent conductive material, e.g., ITO, and a metal electrode line Y n b (FIG. 2) for 
increasing conductivity. A front dielectric layer 1 1 is deposited on the entire rear surface of the 
front glass substrate 10 having the rear surfaces of the X-electrode lines Xi through X n and the 

15 Y-electrode lines Yi through Y n . The protective layer 12, e.g., a MgO layer, for protecting the 
panel 1 against a strong electrical field is deposited on the entire surface of the front dielectric 
layer 11. A gas for forming plasma is hermetically sealed in a discharge space 14. 

[0006] A typical driving method for such a plasma display panel has a reset period, an 
address period, and a display-sustain period sequentially performed in each subfield. In the 

20 reset period, charges in all display cells are set to be in a uniform state. In the address period, a 
predetermined wall voltage is induced in selected display cells. In the display-sustain period, a 
predetermined alternating current voltage is applied to all of the XY-electrode line pairs so that a 
display-sustain discharge occurs in the selected display cells in which the predetermined wall 
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voltage was induced in the address period. Accordingly, plasma is formed in the discharge 
space 14, as a gas layer, of each selected display cell, and ultraviolet rays are emitted. As a 
result, the phosphor layer 16 is excited, thereby emitting light. 

[0007] Referring to FIG. 3, a typical driving apparatus for the plasma display panel 1 
5 shown in FIG. 1 includes a video processor 66, a logic controller 62, an address driver 63, an 
X-driver 64, and a Y-driver 65. The video processor 66 converts an external analog video 
signal into a digital signal to generate an internal video signal composed of, for example, 8-bit 
red (R) video data, 8-bit green (G) video data, 8-bit blue (B) video data, a clock signal, a 
horizontal synchronizing signal, and a vertical synchronizing signal. The logic controller 62 

10 generates drive control signals S A , S Y , and S x in response to the internal video signal from the 
video processor 66. The address driver 63 processes the address signal Sa among the drive 
control signals Sa, Sy, and S x output from the logic controller 62 to generate a display data 
signal and applies the display data signal to address electrode lines. The X-driver 64 processes 
the X-drive control signal S x among the drive control signals S A , S Y , and S x output from the 

15 logic controller 62 and applies the result of processing to X-electrode lines. The Y-driver 65 
processes the Y-drive control signal Sy among the drive control signals S A > S Y > and S x output 
from the logic controller 62 and applies the result of processing to Y-electrode lines. 

[0008] An address-display separation driving scheme is used by the plasma display panel 
1 having such a structure as disclosed in U.S. Patent No. 5,541,618, which is hereby incorporated 

20 by reference in its entirety. In the address-display separation driving scheme, the address 
period and the display-sustain period are separated in terms of time domain in each subfield 
included in a unit frame. Accordingly, during the address period, each XY-electrode line pair is 
held in standby after being addressed until all of the other XY-electrode line pairs are addressed. 
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Such a standby period makes the wall charge state in each display cell disordered. This 
decreases the accuracy of display-sustain discharge in the display-sustain period starting from an 
end point of the address period. 

[0009] Referring to FIGs. 4 and 5, in the typical driving apparatus using the 
5 address-display separation driving scheme as shown in FIG. 3, the X-driver 64 and the Y-driver 
65 works together. The X-driver 64 includes a single reset circuit RC X and a single sustain 
circuit SC X . The Y-driver includes a single reset/sustain circuit RSC and a single scan circuit. 

[0010] The reset circuit RCx of the X-driver 64 generates driving signals to be applied to 
all of the X-electrode lines Xi through X n of the plasma display panel 1 during the reset period. 
10 The sustain circuit SC X of the X-driver 64 generates driving signals to be applied to all of the 
X-electrode lines Xi through X n during the display-sustain period. A diode Dl of the X-driver 
64 prevents an output of the sustain circuit SC X from influencing an output of the reset circuit 
RC X . 

[0011] The reset/sustain circuit RSC generates driving signals Ors to be applied to the 
15 Y-electrode lines Yi through Y n during the reset period and the display-sustain period. The 
scan circuit of the Y-driver 65 includes a single scan driving circuit AC and a single switching 
output circuit SIC and sequentially applies scan pluses to Y-electrode lines to perform an 
addressing operation of generating a predetermined wall voltage in selected display cells. The 
scan driving circuit AC of the scan circuit generates driving signals to be applied to the 
20 Y-electrode lines Yi through Y n during the address period. The switching output circuit SIC of 
the scan circuit includes upper transistors YU1 through YUn and lower transistors YL1 through 
YLn. Common output lines of the respective upper and lower transistor pairs are connected to 
the Y-electrode lines Yi through Y n , respectively. Outputs of the reset/sustain circuit RSC and 
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outputs of the scan driving circuit are applied to all of the upper transistors YU1 through YUn 
and all of the lower transistors YL1 through YLn of the switching output circuit SIC via upper 
and lower common power lines PLy and PL L . 

[0012] An operation of the scan circuit including the scan driving circuit AC and the switching 
5 output circuit SIC of the Y-driver 65 shown in FIG. 4 will be described with reference to FIG. 5. 
During the reset period and the display-sustain period, the driving signals O rs generated by the 
reset/sustain circuit RSC are applied to the Y-electrode lines Yi through Y n of the plasma display 
panel 1 via a node A of the scan driving circuit AC and the lower transistors YL1 through YLn 
of the switching output circuit SIC. In this situation, first through fourth high power transistors 

10 Ssci, Ssc2, Ssp, and S S cl of the scan driving circuit AC are all turned off. The driving signals 
Ors may be applied to the Y-electrode lines Yi through Y n of the plasma display panel 1 via the 
node A of the scan driving circuit AC, the third high power transistor Ssp, and the upper 
transistors YU1 through YUn of the switching output circuit SIC. In this situation, the high 
power transistors S S ci, S S c2, and Sscl other than the third high power transistor S S p are turned 

15 off. 

[0014] During the address period, the high power transistors S S ci, S S c2, and Sscl other 
than the third high power transistor Ssp of the scan driving circuit AC are turned on. Then, a 
scan bias voltage V S can is applied to the upper transistors YU1 through YUn of the switching 
output circuit SIC via the first and second high power transistors S S ci and S S c2. In addition, a 
20 ground voltage is applied to the lower transistors YL1 through YLn of the switching output 
circuit SIC via the fourth high power transistor Sscl- Then, a lower transistor connected to a 
Y-electrode line to be scanned is turned on, and an upper transistor connected to the Y-electrode 
line to be scanned is turned off. In addition, lower transistors connected to the other 
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Y-electrodes not to be scanned are turned off, and upper transistors connected thereto are turned 
on. As a result, a scan ground voltage is applied to the Y-electrode line to be scanned, and the 
scan bias voltage V S can is applied to the other Y-electrode lines not to be scanned. 

[0015] The following describes current paths respectively when the scan ground voltage 
5 is applied to the Y-electrode line to be scanned, when the display data signal is applied to the 
address electrode lines Ari through A B m, when the application of the display data signal to the 
address electrode lines Ari through A B m is terminated, and when the application of the scan 
ground voltage to the Y-electrode line being scanned is terminated, during the address period. 
[0016] When the scan ground voltage is applied to the Y-electrode line to be scanned, a 
10 current flows from display cells (i.e., electric capacitors) connected to the Y-electrode line to be 
scanned to a ground terminal via a lower transistor of the switching output circuit SIC and the 
fourth high power transistor Sscl of the scan driving circuit AC. 

[0017] When the display data signal is applied to the address electrode lines Ari through 
A Bm , a discharge current flows from address electrode lines to which a selection voltage is 
15 applied to the Y-electrode line which is being scanned, and a current flows to a terminal of the 
scan bias voltage Vscan via the other Y-electrode lines which are not being scanned, upper 
transistors of the switching output circuit SIC, and the first and second high power transistors 
Ssci and Ssc2 of the scan driving circuit AC. 

[0018] When the application of the display data signal to the address electrode lines Ari 
20 through A Bm is terminated, a current flows from the terminal of the scan bias voltage V S can to 
the address electrode lines Ari through A Bm via the first and second high power transistors Ssci 
and S S c2 of the scan driving circuit AC, upper transistors of the switching output circuit SIC, and 
Y-electrode lines. 
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[0019] When the application of the scan ground voltage to the Y-electrode line being 
scanned is terminated, a current flows from the terminal of the scan bias voltage V S can to the 
display cells via the first and second high power transistors Ssci and S S C2 of the scan driving 
circuit AC, upper transistors of the switching output circuit SIC, and Y-electrode lines. 
5 [0020] Accordingly, it can be inferred that a high power transistor for switching needs to 

be connected between an upper common line of the upper transistors YU1 through YUn of the 
switching output circuit SIC and the terminal of the scan bias voltage Vscan. When only a 
single high power transistor S S ci or Ssc2 is connected, the following problems occur. 

[0021] When only the second high power transistor Ssc2 is connected, during the reset 
10 period and the display-sustain period, the driving signals Ors of the reset/sustain circuit RSC are 
applied to the terminal of the scan bias voltage V S can via an internal diode of the second high 
power transistor Ssc2, and thus a current flows. As a result, a driving operation during the reset 
period and the display-sustain period is instable and requires high power consumption. 

[0022] When only the first high power transistor Ssci is connected, an unexpected 
15 over-shoot pulse of the terminal of the scan bias voltage Vscan may be applied to all of the upper 
transistors YU1 through YUn of the switching output circuit SIC via an internal diode of the first 
high power transistor S S ci ■ As a result, a driving operation during all of the periods is instable. 
Consequently, two high power transistors S S ci and Ssc2 are needed. 

[0024] In the meantime, when the third high power transistor S S p is not connected and 
20 thus the upper common line of the upper transistors YU1 through YUn is merely disconnected 
with a lower common line of the lower transistors YL1 through YLn, during the reset period and 
the display-sustain period, the driving signals 0 RS of the reset/sustain circuit RSC are applied to 
all of the Y-electrode lines Y\ through Y n via all of the lower transistors YL1 through YLn of the 
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switching output circuit SIC and also applied to the first high power transistor Ssci via internal 
diodes of the upper transistors YU1 through YUn and an internal diode of the second high power 
transistor Ssc2 of the scan driving circuit AC. As a result, the performance and the life span of 
the first high power transistor Ssci are decreased. However, when the third high power 
5 transistor Ssp is connected, a voltage is dropped down by a predetermined level by the third high 
power transistor Ssp so that a voltage applied to the first high power transistor Ssci can be 
decreased. 

[0025] In such a Y-driver of a typical driving apparatus, even when all of the lower 
transistors YL1 through YLn of the switching output circuit SIC are turned off, the driving 
10 signals Ors of the reset/sustain circuit RSC are applied to all of the Y-electrode lines Yi through 
Y n via the lower common power line and the internal diodes of the upper transistors YU1 
through YUn. 

[0026] Accordingly, in a typical address-display separation driving apparatus in which 
the X-driver 64 and the Y-driver 65 operate integrally, the address period for all of the 

15 XY-electrode line pairs must be separated from the display-sustain period in terms of time 
domain in each subfield included in a unit frame. In this situation, during the address period, 
each XY-electrode line pair is necessarily held in standby after being addressed until all of the 
other XY-electrode lines are addressed. Due to an existence of the standby duration after 
addressing, a state of wall charges in each display cell is disordered. As a result, in the 

20 display-sustain period starting from an end point of the address period, accuracy of 
display-sustain discharge decreases. 
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SUMMARY OF THE INVENTION 
[0027] The present invention provides an apparatus for driving a plasma display panel, 
which decreases a standby duration between a time when display cells are completely addressed 
and a time when remaining XY-electrode line pairs are completely addressed and increases the 
5 accuracy of display-sustain discharge. 

[0028] The present invention discloses an apparatus for driving a plasma display panel. 
The apparatus includes a video processor which converts an external analog video signal into a 
digital signal to generate an internal video signal, a logic controller which generates drive control 
signals in response to the internal video signal from the video processor, an address driver which 

10 processes an address signal output from the logic controller to generate a display data signal and 
applies the display data signal to address electrode lines, an X-driver which processes an X-drive 
control signal output from the logic controller and applies the result of processing to X-electrode 
lines disposed to cross the address electrode lines, and a Y-driver which processes a Y-drive 
control signal output from the logic controller and applies the result of processing to Y-electrode 

15 lines disposed to parallel with the X-electrode lines so that an X-electrode line and a Y-electrode 
line forms an XY-electrode line pair. XY-electrode line pairs are divided into a plurality of 
XY-electrode line pair groups. At least one of the X-driver and the Y-driver comprises a 
plurality of driving circuits corresponding to the plurality of XY-electrode line pair groups, 
respectively, and the plurality of driving circuits separately operate so that an addressing and a 

20 display-sustain discharge are alternately performed and an alternating current voltage provoking 
a display-sustain discharge is applied only to XY-electrode line pair groups of which an 
addressing has been completed. 
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[0029] According to the present invention, addressing and display-sustain discharge are 
alternately performed by the plurality of driving circuits, and an alternating current voltage 
provoking a display-sustain discharge is efficiently applied only to XY-electrode line pair groups 
of which addressing has been completed. Accordingly, a standby time of each XY-electrode 
5 line pair group between completion of addressing and beginning of display-sustain discharge is 
divided, and thus each standby time to each display-sustain discharge. This keeps the charge 
state of each display cell in order and increases the accuracy of display-sustain discharge. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 [0030] The above and other features and advantages of the present invention will become 

more apparent by describing in detail preferred embodiments thereof with reference to the 
attached drawings. 

[0031] FIG. 1 is a perspective view of the internal structure of a typical surface discharge 
type triode plasma display panel. 
15 [0032] FIG. 2 is a sectional view of an example of a display cell in the plasma display 

panel shown in FIG. 1 . 

[0033] FIG. 3 is a block diagram of a typical driving apparatus for the plasma display 
panel shown in FIG. 1. 

[0034] FIG. 4 is a block diagram showing a Y-driver and an X-driver included in the 
20 typical driving apparatus of FIG. 3 using an address-display separation driving scheme. 

[0035] FIG. 5 is a diagram showing a scan driving circuit and a switching output circuit 
included in the Y-driver shown in FIG. 4. 
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[0036] FIG. 6 is a block diagram showing a Y-driver and an X-driver included in a 
driving apparatus according to a first embodiment of the present invention. 

[0037] FIG. 7 is a block diagram of a scan/sustain circuit shown in FIG. 6. 
[0038] FIG. 8 is a circuit diagram of a scan circuit included in the scan/sustain circuit 
5 shown in FIG. 7. 

[0039] FIG. 9 is a circuit diagram of a sustain circuit included in the scan/sustain circuit 
shown in FIG. 7. 

[0040] FIG. 10 is a circuit diagram of a reset circuit included in the Y-driver shown in 

FIG. 6. 

10 [0041] FIG. 1 1 is a circuit diagram of the X-driver shown in FIG. 6. 

[0042] FIG. 12 is a timing chart showing voltage waveforms of driving signals applied to 
electrode lines in a subfield when address-display mixing driving is performed by the driving 
apparatus shown in FIG. 6. 

[0043] FIG. 13A is a cross-section showing a distribution of wall charges in a certain 
15 display cell immediately after a gradually increasing voltage is applied to Y-electrode lines 
during a reset period of FIG. 12. 

[0044] FIG. 13B is a cross-section showing a distribution of wall charges in a certain 
display cell at an end point of the reset period of FIG. 12. 

[0045] FIG. 14 is a block diagram showing a Y-driver and an X-driver included in a 
20 driving apparatus according to a second embodiment of the present invention. 

[0046] FIG. 1 5 is a timing chart showing voltage waveforms of driving signals applied to 
electrode lines in a subfield when address-display mixing driving is performed by the driving 
apparatus shown in FIG. 14. 
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[0047] FIG. 16 is a block diagram showing a Y-driver and an X-driver included in a 
driving apparatus according to a third embodiment of the present invention. 

[0048] FIG. 17 is a timing chart showing voltage waveforms of driving signals applied to 
electrode lines in a subfield when address-display mixing driving is performed by the driving 
5 apparatus shown in FIG. 16. 



DETAILED DESCRIPTION OF THE INVENTION 
[0049] Referring to FIGs. 3, 6, 7 and 8, a driving apparatus according to a first 
embodiment of the present invention includes a video processor 66, a logic controller 62, an 

10 address driver 63, an X-driver 64, and a Y-driver 65. The video processor 66 converts an 

external analog video signal into a digital signal to generate an internal video signal composed of, 
for example, 8-bit red (R) video data, 8-bit green (G) video data, 8-bit blue (B) video data, a 
clock signal, a horizontal synchronizing signal, and a vertical synchronizing signal. The logic 
controller 62 generates drive control signals S A , Sy, and Sx in response to the internal video 

15 signal from the video processor 66. The address driver 63 processes the address signal S A 
among the drive control signals S A , Sy, and S x output from the logic controller 62 to generate a 
display data signal and applies the display data signal to address electrode lines. The X-driver 
64 processes the X-drive control signal S x among the drive control signals S A , S Y , and S x output 
from the logic controller 62 and applies the result of processing to X-electrode lines. The 

20 Y-driver 65 processes the Y-drive control signal S Y among the drive control signals S A , S Y , and 
Sx output from the logic controller 62 and applies the result of processing to Y-electrode lines. 

[0050] The X-driver 64 includes a single reset circuit RCx and a single sustain circuit 
SC X . During a reset period, the reset circuit RC X of the X-driver 64 operates together with a 
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reset circuit of the Y-driver 65 and generates driving signals to be applied to all of the 
X-electrode lines X\ through X n of the plasma display panel 1 . The sustain circuit SC X of the 
X-driver 64 generates driving signals O x to be applied to all of the X-electrode lines X\ through 
X n during the display-sustain period. A diode Dl of the X-driver 64 prevents an output of the 
5 sustain circuit SCx from influencing an output of the reset circuit RCx. 

[0051] The Y-driver 65 includes a reset circuit RCy, a first scan/sustain circuit SSC1, and 
a second scan/sustain circuit SSC2. More specifically, the XY-electrode line pairs of the 
plasma display panel 1 are divided into first and second XY-electrode line pair groups, and the 
Y-driver 65 is provided with the first and second scan/sustain circuits SSC1 and SSC2 as driving 

10 circuits corresponding to the first and second XY-electrode line pair groups, respectively. 

[0052] The reset circuit RCy of the Y-driver 65 operates together with the reset circuit 
RCx of the X-driver 64 to generate a reset signal Or for making charges in all display cells 
uniform. The reset signal Or is applied to all of the Y-electrode lines Yi through Y n via the 
first and second scan/sustain circuits SSC1 and SSC2. 

15 [0053] Each of the first and second scan/sustain circuits SSC1 and SSC2 of the Y-driver 

65 includes a sustain circuit SCy and a scan circuit. The scan circuit sequentially applies scan 
pulses to Y-electrode lines to perform an addressing operation of generating a predetermined 
wall voltage in selected display cells. The sustain circuit SC Y simultaneously applies 
display-sustain pulses to the Y-electrode lines so that display-sustain discharge occurs in the 

20 display cells, in which the predetermined wall voltage has been formed, at a predetermined time. 
An output signal Os of the sustain circuit SCy of each of the first and second scan/sustain circuits 
SSC1 and SSC2 and the output signal Or of the reset circuit RCy are applied to the Y-electrode 
lines via the scan circuit. 
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[0054] The scan circuit of each of the first and second scan/sustain circuits SSC1 and 
SSC2 includes a scan driving circuit AC and a switching output circuit SIC and sequentially 
applies scan pulses to Y-electrode lines to perform an addressing operation of generating a 
predetermined wall voltage in selected display cells. The switching output circuit SIC includes 
5 upper transistors YUi through YU n and lower transistors YLi through YL n of an 

2 2 

XY-electrode ling pair group corresponding to the switching output circuit SIC, and common 
output lines of the respective upper and lower transistor pairs are connected to Y-electrode lines 
Yi through Y n , respectively. During an address period, the scan driving circuit AC generates 

2 

driving signals to be applied to the Y-electrode lines Yi through Y n of the Y-electrode line pair 

2 

10 group corresponding to the scan driving circuit AC. In other words, the scan driving circuit AC 
is connected to the an upper common power line PLu of the upper transistors YUi through YU n 

2 

of the switching output circuit SIC and a lower common power line PLl of the lower transistors 
YLi through YL n of the switching output circuit SIC, applies a scan voltage to Y-electrode 

2 

lines, which are scanned during the address period, and applies a scan bias voltage to Y-electrode 
15 lines, which are not scanned during the address period. FIG. 12 is a timing chart showing 
voltage waveforms of driving signals applied to electrode lines in a subfield when 
address-display mixing driving is performed by the driving apparatus shown in FIG. 6. In FIG. 
12, a reference character Oari ABm denotes a display data signal applied from the address driver 
63 of FIG. 3 to the address electrode lines Ari through Asm of FIG. 1. A reference character 
20 O x denotes a driving signal applied from the X-driver 64 of FIG. 3 to the X-electrode lines Xi 
through X n of FIG. 1. A reference character Oygi denotes a driving signal applied from the first 
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scan/sustain circuit SSC1 to the Y-electrode lines Yi through Y n of the first XY-electrode line 

2 

pair group. A reference character 0 Y G2 denotes a driving signal applied from the second 
scan/sustain circuit SSC2 to the Y-electrode lines Y through Y n of the second XY-electrode 

line pair group. A reference character R denotes a reset period. A reference character AM 
denotes a mixed period in which an address period and a mixed display-sustain period coexist. 
A reference character CS denotes a common display-sustain period. A reference character AS 
denotes a compensation display-sustain period. 

[0056] An operation of a scan circuit of any one of the first and second scan/sustain 
circuits SSC1 and SSC2 will be described with reference to FIGs. 8 and 12. 

[0057] During the reset period R, the mixed display-sustain period, the common 
display-sustain period CS, and the compensation display-sustain period AS other than a scan 
time (i.e., an addressing time), a high power transistor Sscl is turned off, and thus the driving 
signal Os or Or from the sustain circuit SC Y or the reset circuit RC Y is applied to the lower 
common power line PL L of the lower transistors YLi through YL n of the switching output 

2 

circuit SIC. In addition, the lower transistors YLi through YL n of the switching output circuit 

2 

SIC are turned on, and the upper transistors YUi through YU n are turned off. As a result, the 

2 

driving signal O s or Or from the sustain circuit SC Y or the reset circuit RC Y is applied to the 
Y-electrode lines Yi through Y n of the first XY-electrode line pair group via the lower 

2 

transistors YLi through YL n • 
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[0058] During the address period in the mixed period AM, a scan bias voltage Vsch 

induced by charging a capacitor Csp is applied to the upper common power line PLu the upper 

transistors YUi through YU n of the switching output circuit SIC. In addition, the high power 

2 

transistor Sscl is turned on. As a result, a negative scan voltage Vsc is applied to the lower 
5 transistors YLi through YL n of the switching output circuit SIC via the high power transistor 

2 

Sscl- Then, a lower transistor connected to a Y-electrode line to be scanned is turned on, and 
an upper transistor connected to the Y-electrode line to be scanned is turned off. In addition, 
lower transistors connected to all of other Y-electrode lines not to be scanned are turned off, and 
upper transistors connected to all of the other Y-electrode lines not to be scanned are turned on. 

10 Accordingly, the negative scan voltage V S c is applied to the Y-electrode line to be scanned, and 
the scan bias voltage V S c_h is applied to the other Y-electrode lines not to be scanned. 

[0059] The following describes current paths respectively when the negative scan voltage 
V S c is applied to the Y-electrode line to be scanned, when the display data signal is applied to 
the address electrode lines Ari through A Bm of FIG. 1, when the application of the display data 

15 signal to the address electrode lines Ari through Ae m is terminated, and when the application of 
the negative scan voltage V S c to the Y-electrode line being scanned is terminated, during the 
address period in the mixed period AM. 

[0060] When the negative scan voltage V S c is applied to the Y-electrode line to be 
scanned, a current flows from display cells (i.e., electric capacitors) connected to the Y-electrode 

20 line io be scanned to the high power transistor Sscl of the scan driving circuit AC via a lower 
transistor of the switching output circuit SIC. 



16 

\\COM\404939.2 



[0061] When the display data signal is applied to the address electrode lines A Ri through 
A B m, a discharge current flows from address electrode lines where a selection voltage is applied, 
to the Y-electrode line which is being scanned. Current flows to the high power transistor S S cl 
via the other Y-electrode lines which are not being scanned, upper transistors of the switching 
5 output circuit SIC, and the capacitor C S p of the scan driving circuit AC. 

[0062] When the application of the display data signal to the address electrode lines Ari 
through A Bm is terminated, a current flows from the capacitor C S p of the scan driving circuit AC 
to the address electrode lines Ari through Asm via upper transistors of the switching output 
circuit SIC and the other Y-electrode lines which are not scanned. 
10 [0063] When the application of the negative scan voltage V S c to the Y-electrode line 

being scanned is terminated, a current flows from the capacitor Csp of the scan driving circuit 
AC to the display cells (i.e., electric capacitors) via upper transistors of the switching output 
circuit SIC and all of the Y-electrode lines. 

[0064] As described above, since a voltage of the capacitor C S p is maintained constant, 
15 driving is stable, and a power consumption is not increased. According to the present invention, 
the scan driving circuit AC can be implemented without using expensive three high power 
transistors, as compared to the conventional scan driving circuit AC shown in FIG. 5. 

[0065] An operation of the sustain circuit SC Y of the first scan/sustain circuit SSC1 of 
FIG. 7 will be described step by step with reference to FIGs. 9 and 12. 
20 [0066] During the mixed display-sustain period in the mixed period AM, during the 

common display-sustain period CS, and during the compensation display-sustain period AS, 
while the voltage of pulses applied to the Y-electrode lines Yi through Y n of the first 

2 

XY-electrode line pair group increases from a ground voltage Vg to a second voltage V s , only a 
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first transistor ST1 is turned on. As a result, charges collected in an energy regeneration 

capacitor Csy is applied to the Y-electrode lines Yi through Y n of the first XY-electrode line 

2 

pair group via inductor L Y . 

[0067] Next, only the third transistor ST3 is turned on, and thus the second voltage V s as 
a display-sustain voltage is applied to the Y-electrode lines Yi through Y n of the first 

2 

XY-electrode line pair group. 

[0068] Next, while the voltage decreases from the second voltage V s to the ground 
voltage V G , only a second transistor ST2 is turned on. As a result, charges unnecessarily 
remaining in display cells (i.e., electric capacitors) are collected in the energy regeneration 
capacitor Csy via the inductor Ly. 

[0069] Finally, only a fourth transistor ST4 is turned on, and thus the ground voltage Vq 
is applied to the Y-electrode lines Yi through Y n of the first XY-electrode line pair group. 

2 

[0070] The above-described structure and operation of the first scan/sustain circuit SSC1 
are the same as those of the second scan/sustain circuit SSC2. However, since the first 
scan/sustain circuit SSC1 and the second scan/sustain circuit SSC2 independently operate 
according to the timing chart of FIG. 12, addressing and display-sustain discharge are alternately 
performed, and an alternating current voltage provoking display-sustain discharge is applied only 
to an XY-electrode line pair group of which addressing has been completed. According to the 
first embodiment of the present invention, a standby time of each XY-electrode line pair group 
from completion of addressing to beginning of display-sustain discharge is divided, and thus 
each standby time to each display-sustain discharge is shortened so that a charge state in each 
display cell is not disordered. Consequently, accuracy of display-sustain discharge is increased. 
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[0071] An operation of the reset circuit RCy of the Y-driver 65 shown in FIG. 6 will be 
described step by step with reference to FIGs. 10 and 12. 

[0072] During the reset period R, while a voltage applied to the X-electrode lines Xi 
through X n continuously increases from the ground voltage Vq to the second voltage V s equal to 
5 the display-sustain voltage Vs, only eleventh, fifth, and eighth transistors ST1 1, ST5, and ST8 
are turned on. As a result, the ground voltage Vq is applied to all of the Y-electrode lines Yi 
through Y n . 

[0073] Next, only tenth, sixth, and eighth transistors ST 10, ST6, and ST8 are turned on, 
and a third voltage Vset is applied to a drain of the sixth transistor ST6. Since a control voltage 

10 continuously increasing is applied to a gate of the sixth transistor ST6, a channel resistance value 
of the sixth transistor ST6 continuously decreases. In addition, since the second voltage Vs has 
been applied to a source of the tenth transistor ST 10, due to the effect of a capacitor connected 
between the source of the tenth transistor ST 10 and a drain of the sixth transistor ST6, a voltage 
continuously increasing from the second voltage Vs to a maximum voltage Vset+Vs is applied to 

15 the drain of the sixth transistor ST6. As a result, the voltage continuously increasing from the 
second voltage Vs to the maximum voltage Vset+Vs is applied to the Y-electrode lines Yi 
through Y n of the first XY-electrode line pair group. Meanwhile, the ground voltage Vg is 

2 

applied to all of the X-electrode lines Xi through X n , and all of the address electrode lines Ari 
through A Bm . As a result, a weak discharge occurs between all of the Y-electrode lines Yi 
20 through Y n and the X-electrode lines Xi through X n , and a weaker discharge occurs between all 
of the Y-electrode lines Yi through Y n and the address electrode lines Ari through Asm- The 
reason that the discharge occurring between the Y-electrode lines Yi through Y n and the address 
electrode lines Ari through A Bm is weaker than the discharge occurring between the Y-electrode 
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lines Yj through Y n and the X-electrode lines Xi through X n is because negative wall charges 
have been formed around the X-electrode lines Xi through X n . Accordingly, a large amount of 
negative wall charges are formed around the Y-electrode lines Yi through Y n , positive wall 
charges are formed around the X-electrode lines Xi through X n , and a small amount of positive 
5 wall charges are formed around the address electrode lines Ari through A Bm (see FIG. 13 A). 

[0074] Next, only the tenth, fifth, and eighth transistors ST10, ST5, and ST8 are turned 
on, and the second voltage V s is applied to all of the Y-electrode lines Yi through Y n . 

[0075] Next, only the fifth, seventh, eighth, and ninth transistors ST5, ST7, ST8, and ST9 
are turned on, and the continuously increasing control voltage is applied to the gates of the 

10 respective seventh and ninth transistors ST7 and ST9. As a result, a channel resistance value of 
the seventh transistor ST7 continuously decreases. Accordingly, the voltage applied to the 
Y-electrode lines Y\ through Y n continuously decreases from the second voltage Vs to the 
ground voltage V G . In this situation, the fifth, seventh, and eighth transistors ST5, ST7, and 
ST8 are turned off, and the voltage applied to the Y-electrode lines Yi through Y n continuously 

15 decreases from the ground voltage V G to a negative voltage Vsc equal to a scan voltage. Here, 
the second voltage V s is applied to all of the X-electrode lines Xi through X n , and the ground 
voltage Vq is applied to all of the address electrode lines Ari through Asm- Accordingly, due to 
a weak discharge between the X-electrode lines X\ through X n and the Y-electrode lines Yi 
through Y n , some of the negative wall charges around all of the Y-electrode lines Y\ through Y n 

20 move to all of the X-electrode lines Xi through X n (see FIG. 13B). The ground voltage V G is 
applied to all of the address electrode lines Ari through A B m, and thus the amount of positive 
wall charges around all of the address electrode lines Ari through A Bm increases a little (see FIG. 
13B). 
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[0076] An operation of the X-driver 64 shown in FIG. 6 will be described with reference 
to FIGs. 11 and 12. 

[0077] During the reset period R, while the voltage applied to the X-electrode lines Xi 
through X n continuously increases from the ground voltage Vg to the second voltage Vs equal to 
5 the display-sustain voltage Vs, a control voltage increasing continuously is applied to gates of 
respective two transistors ST 145 and ST 146 of the reset circuit RC X , and thus channel resistance 
values of the respective two transistors ST 145 and ST 146 decrease continuously. As a result, a 
voltage of the X driving signal Ox continuously increases from the ground voltage Vg to the 
second voltage Vs equal to the display-sustain voltage Vs. Subsequently, the two transistors 

10 ST145 and ST146 of the reset circuit RC X are turned off, and a 144th transistor ST144 of the 
sustain circuit SCx is turned on. As a result, the ground voltage Vg is applied to all of the 
X-electrode lines Xi through X n . Thereafter, the 144th transistor ST144 of the sustain circuit 
SCx is turned off, and the two transistors ST 145 and ST 146 of the reset circuit RC X are turned on. 
As a result, the second voltage V s is applied to the X-electrode lines Xi through X n . 

15 [0078] During the mixed display-sustain period in the mixed period AM, during the 

common display-sustain period CS, and during the compensation display-sustain period AS, 
while the voltage of pulses applied to the X-electrode lines Xi through X n increases from the 
ground voltage V G to the second voltage V s , only a 141st transistor ST141 is turned on. As a 
result, charges collected in an energy regeneration capacitor C S x is applied to the X-electrode 

20 lines Xi through X n via an inductor Lx. 

[0079] Next, only a 143rd transistor ST 143 is turned on, and thus the second voltage V s 
as a display-sustain voltage is applied to the X-electrode lines Xi through X n . 
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[0080] Next, while the voltage decreases from the second voltage Vs to the ground 
voltage Vq, only a 142nd transistor ST 142 is turned on. As a result, charges unnecessarily 
remaining in display cells (i.e., electric capacitors) are collected in the energy regeneration 
capacitor Csx via the inductor L x . 
5 [0081] Finally, only the 144th transistor ST144 is turned on, and thus the ground voltage 

V G is applied to the X-electrode lines Xi through X n . 

[0082] As shown in FIG. 12, a display-sustain operation of each of the first and second 
scan/sustain circuits SSC1 and SSC2 is performed indiscriminately. During the mixed 
display-sustain period in the mixed period AM and during the compensation display-sustain 
10 period AS, different display-sustain pulses can be applied to the first and second XY-electrode 
line pair groups, respectively. Referring to FIG. 12, in a unit subfield SF, a total of 9 display 
discharges are performed after each of the first and second XY-electrode line pair groups is 
addressed. 

[0083] Briefly, addressing and display-sustain discharge are alternately performed, and 
15 an alternating current voltage provoking a display-sustain discharge is efficiently applied only to 
XY-electrode line pair groups of which addressing has been completed. Accordingly, a standby 
time of each XY-electrode line pair group from completion of addressing to beginning of 
display-sustain discharge is divided, and thus each standby time to each display-sustain 
discharge is shortened so that a charge state in each display cell is not disordered. 
20 Consequently, accuracy of display-sustain discharge is increased. 

[0084] The Y-driver 65 and the X-driver 64 included in a driving apparatus according to 
a second embodiment of the present invention will be described with reference to FIG. 14. A 
structure and operation of a reset circuit RCy of the Y-driver 65 according to the second 
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embodiment are the same as those of the reset circuit RCy shown in FIGs. 6 and 10 according to 
the first embodiment. A scan/sustain circuit SSC of the Y-driver 65 according to the second 
embodiment is different from the first scan/sustain circuit SSC1 shown in FIGs. 6 through 9 
according to the first embodiment in that a switching output circuit SIC corresponds to all of the 
5 Y-electrode lines Y\ through Y n . 

[0085] A structure and operation of a reset circuit RCx of the X-driver 64 according to 
the second embodiment are the same as those of the reset circuit RC X shown in FIGs. 6 and 1 1 
according to the first embodiment. A structure and operation of each of first and second sustain 
circuits SCxi or SCx2 of the X-driver 64 according to the second embodiment are the same as 

10 those of the sustain circuit SCx shown in FIGs. 6 and 1 1 according to the first embodiment. 

[0086] Accordingly, the second embodiment is different from the first embodiment in 
that the Y-driver 65 includes a single scan/sustain circuit SSC and the X-driver 64 includes a 
plurality of sustain circuits SCxi and SCx2- More specifically, the XY-electrode line pairs of 
the plasma display panel 1 are divided into first and second XY-electrode line pair groups, and 

15 the X-driver 64 is provided with the first and second sustain circuits SCxi and SCx2 as driving 
circuits corresponding to the first and second XY-electrode line pair groups, respectively. 
Diodes Dl and D2 included in the X-driver 64 prevent outputs Oxgi and 0 X G2 of the respective 
sustain circuit SCxi and SCx2 from influencing each other via an output terminal of the reset 
circuit RCx. 

20 [0087] FIG. 15 is a timing chart showing voltage waveforms of driving signals applied to 

electrode lines in a subfield when address-display mixing driving is performed by the driving 
apparatus shown in FIG. 14. In FIGs. 12 and 15, the same reference characters denote the same 
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elements. Operations of internal circuits of the driving apparatus according to the timing chart 
shown in FIG. 1 5 are the same as those described on the first embodiment. 

[0088] Referring to FIGs. 14 and 15, a display-sustain operation of each of the 
scan/sustain circuit SSC of the Y-driver 65 and the first and second sustain circuits SC X i or SCx2 
5 of the X-driver is indiscriminately performed. In addition, during the mixed display-sustain 
period in the mixed period AM and during the compensation display-sustain period AS, different 
display-sustain pulses can be applied to the first and second XY-electrode line pair groups, 
respectively. 

[0089] For example, during a first mixed display-sustain period after an address period 
10 for the first XY-electrode line pair group is terminated in the mixed period, the scan/sustain 
circuit SSC of the Y-driver 65 indiscriminately operates so that two display-sustain pulses are 
applied to each of the Y-electrode lines Yi through Y n . In addition, the first sustain circuit 
SCxi of the X-driver 64 operates indiscriminately together with the scan/sustain circuit SSC of 
the Y-driver 65 so that a display-sustain pulse is applied to each of the X-electrode lines Xi 
1 5 through X n of the first XY-electrode line pair group. As a result, during the first mixed 

2 

display-sustain period, a total of three display-sustain discharges are performed with respect to 
each XY-electrode line pair of the first XY-electrode line pair group. During the first mixed 
display sustain period, however, a display-sustain discharge is not performed with respect to the 
second XY-electrode line pair group because the second sustain circuit SCx2 of the X-driver 64 
20 operates indiscriminately so that the ground voltage V G is applied to each of the X-electrode 

lines X n through X n of the second XY-electrode line pair group and the second XY-electrode 

r 1 

line pair group is not addressed. 
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[0090] During the common display-sustain period CS, the first and second sustain 
circuits SCxi and SCx2 of the X-driver 64 apply two display-sustain pulses to each of the 
X-electrode lines Xi through X n . In addition, the scan/sustain circuit SSC of the Y-driver 65 
operates indiscriminately together with the first and second sustain circuits SC X i and SCx2 of the 
5 X-driver 64 so that one display-sustain pulse is applied to each of the Y-electrode lines Yi 
through Y n . As a result, three display-sustain discharges are performed with respect to each 
XY-electrode line pair of all XY-electrode line pair groups. 

[0091] During the compensation display-sustain period AS, the scan/sustain circuit SSC 
of the Y-driver 65 operates indiscriminately so that two display-sustain pulses are applied to each 
10 of the Y-electrode lines Yi through Y n . In addition, the first sustain circuit SC X i of the X-driver 
64 operates indiscriminately so that the ground voltage V G is applied to the X-electrode lines Xi 
through X n of the first XY-electrode line pair group. As a result, one display-sustain 

2 

discharge is performed with respect to each XY-electrode line pair of the first XY-electrode line 
pair group during the compensation display-sustain period AS. However, the second sustain 
15 circuit SCx2 of the X-driver 64 operates indiscriminately together with the scan/sustain circuit 
SSC of the Y-driver 65 so that one display-sustain pulse is applied to each of the X-electrode 

lines X n through X n of the second XY-electrode line pair group. Accordingly, during the 

-+i 

2 

compensation display-sustain period AS, a total of three display-sustain discharges are 
performed with respect to each XY-electrode line pair of the second XY-electrode line pair 
20 group. 

[0092] Thus, addressing and display-sustain discharge are alternately performed, and an 
alternating current voltage provoking a display-sustain discharge is efficiently applied only to 
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XY-electrode line pair groups of which addressing has been completed. Accordingly, a standby 
time of each XY-electrode line pair group from completion of addressing to beginning of 
display-sustain discharge is divided, and thus each standby time to each display-sustain 
discharge is shortened so that a charge state in each display cell is not disordered. This 

5 increases accuracy of display-sustain discharge. 

[0093] The Y-driver 65 and the X-driver 64 included in a driving apparatus according to 
a third embodiment of the present invention will be described with reference to FIG. 16. A 
structure and operation of a reset circuit RCy of the Y-driver 65 according to the second 
embodiment are the same as those of the reset circuit RCy shown in FIGs. 6 and 10 according to 

10 the first embodiment. First and second scan/sustain circuit SSC1 and SSC2 of the Y-driver 65 
according to the third embodiment have the same structures as those of the Y-driver 65 
according to the first embodiment. 

[0094] A structure and operation of a reset circuit RCx of the X-driver 64 according to 
the third embodiment are the same as those of the reset circuit RCx shown in FIGs. 6 and 1 1 

15 according to the first embodiment. A structure and operation of each of first and second sustain 
circuits SCxi or SCx2 of the X-driver 64 according to the third embodiment are the same as those 
of the sustain circuit SCx shown in FIGs. 6 and 1 1 according to the first embodiment. Diodes 
Dl and D2 included in the X-driver 64 prevent outputs Oxgi and Oxg2 of the respective sustain 
circuit SCxi and SCx2 from influencing each other via an output terminal of the reset circuit 

20 RC X . 

[0095] The driving apparatus according to the third embodiment of the present invention 
is designed such that an XY-electrode line pair group including Y-electrode lines driven by one 
of the first and second scan/sustain circuits SSC1 and SSC2 of the Y-driver 65 is not the same as 
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an XY-electrode line pair group including X-electrode lines driven by one of the first and second 
sustain circuits SCxi or SCx2 of the X-driver 64. More specifically, the XY-electrode line pairs 
of the plasma display panel 1 are divided into first through fourth XY-electrode line pair groups. 
The first scan/sustain circuit SSC1 of the Y-driver 65 is assigned to the first and second 
5 XY-electrode line pair groups. The second scan/sustain circuit SSC2 of the Y-driver 65 is 

assigned to the third and fourth XY-electrode line pair groups. The first sustain circuit SCxi of 
the X-driver 64 is assigned to the odd-numbered first and third XY-electrode line pair groups. 
The second sustain circuit SCx2 of the X-driver 64 is assigned to the even-numbered second and 
fourth XY-electrode line pair groups. 

10 [0096] FIG. 17 is a timing chart showing voltage waveforms of driving signals applied to 

electrode lines in a subfield when address-display mixing driving is performed by the driving 
apparatus shown in FIG. 16. In FIGs. 12, 15, and 17, the same reference characters denote 
elements having the same functions. Operations of internal circuits of the driving apparatus 
according to the timing chart shown in FIG. 17 are the same as those described on the first 

15 embodiment. 

[0097] Referring to FIGs. 16 and 17, the first and second scan/sustain circuits SSC1 and 
SSC2 of the Y-driver 65 and the first and second sustain circuits SC X i and SCx2 of the X-driver 
64 can be combined to apply different display-sustain pulses to the first through fourth 
XY-electrode line pair groups during the mixed display-sustain period in the mixed period AM 
20 and during the compensation display-sustain period AS. 

[0098] For example, during a time from a point t2 to a point t3, the first scan/sustain 
circuit SSC1 of the Y-driver 65 indiscriminately operates to apply two display-sustain pulses to 
each of the Y-electrode lines Yi through Y n of the fi rst and second XY-electrode line pair 

2 
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groups. Together with the first scan/sustain circuit SSC1 of the Y-driver 65, the first sustain 
circuit SCxi of the X-driver 64 indiscriminately operates to apply one display-sustain pulse to 
each of the X-electrode lines Xi through X n and X n through X 3n of the first and third 

4 2 + 1 T 

XY-electrode line pair groups. As a result, during a first mixed display-sustain period in the 
5 mixed period AM, a total of three display-sustain discharges are performed with respect to each 
XY-electrode line pair of the first XY-electrode line pair group. However, the second sustain 
circuit SCx2 of the X-driver 64 indiscriminately operates to apply the ground voltage Vg to each 
of the X-electrode lines X n through X n and X 3n through X n of the second and fourth 

4 + 1 2 4 +1 

XY-electrode line pair groups so that the first through fourth XY-electrode line pair groups are 
10 not addressed. Consequently, no display-sustain discharges are performed with respect to the 

second through fourth XY-electrode line pair groups during the time from the point t2 to the 

point t3 in the mixed period AM. 

[0099] In the same manner, during a time from a point t4 to a point t5 in the mixed 

period AM, a display-sustain discharge is performed with respect only to the first and second 
1 5 XY-electrode line pair groups. During a time from a point t6 to a point t7 in the mixed period 

AM, a display-sustain discharge is performed with respect only to the first through third 

XY-electrode line pair groups. During a time from a point t8 in the mixed period AM to a point 

t9 when the common display-sustain period CS ends, a display-sustain discharge is performed 

with respect to all of the first through fourth XY-electrode line pair groups. During a time from 
20 the point t9 to a point tlO in the compensation display-sustain period AS, a display-sustain 

discharge is performed with respect only to the second and fourth XY-electrode line pair groups. 

During a time from the point tlO to a point tl 1 in the compensation display-sustain period AS, a 
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display-sustain discharge is performed with respect only to the third and fourth XY-electrode 
line pair groups. 

[0100] As described above, an apparatus for driving a plasma display panel can 
simultaneously apply different driving signals to different XY-electrode line pair groups during a 
mixed display-sustain period in a mixed period and during a compensation display-sustain period 
using a plurality of driving circuits included in an X-driver and/or a Y-driver. In other words, 
addressing and display-sustain discharge are alternately performed by the plurality of driving 
circuits included in the X-driver and/or the Y-driver, and an alternating current voltage 
provoking a display-sustain discharge is efficiently applied only to XY-electrode line pair groups 
of which addressing has been completed. Accordingly, a standby time of each XY-electrode 
line pair group from completion of addressing to beginning of display-sustain discharge is 
divided, and thus each standby time to each display-sustain discharge is shortened so that a 
charge state in each display cell is not disordered. Consequently, accuracy of display-sustain 
discharge is increased. 

[0101] Although a few embodiments of the present invention have been shown and 
described, it will be appreciated by those skilled in the art that changes may be made in these 
elements without departing from the principles and spirit of the invention, the scope of which is 
defined in the appended claims and their equivalents. 
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